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(54) Etch process for forming contacts over a silicide layer 



(57) A plasma etch process for an insulating layer, 
such as silicon dioxide, overlaying a silicide layer having 
a high selectivity with respect to the silicide layer is dis- 
closed, comprising the use of a mixture of a nitrogen- 
containing gas and one or more other fluorine-contain- 
ing etch gases in an etch chamber maintained within a 
pressure range of from about 5 millitorr to about 400 mil- 



litorr. The high selectivity exhibited by the etch process 
of the invention permits operation of the etch process at 
reduced pressures of from as low as 5 millitorr to about 
30 millitorr to achieve complete etching of vertical side- 
wall openings in the oxide layer with significant overetch 
capability. 
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Description 

The present invention relates to a method for form- 
ing contact openings in an integrated circuit structure by 
plasma etching the insulating layer using a mixture of 
one or more fluorine containing gases and a nitroge- 
nous gas. More particularly, the present invention 
relates to a high selectivity plasma etch process for 
preferentially etching insulating material with respect to 
a silicide, in an integrated circuit structure, using a mix- 
ture of a nitrogen containing gas and one or more fluo- 
rine containing etchant gases. 

With the increasing push of technology for higher 
density integrated circuits, low resistivity interconnec- 
tion paths are critical to the fabrication of dense, high 
performance devices. In MOS devices, for example, one 
approach to reduced resistivity delay and increased 
switching speeds is the use of polycide and salicide 
structures, shown in Figures 1 a and 1 b. 

Referring to Figure 1a, a polycide structure 10 is a 
low resistivity multilayer structure that includes a refrac- 
tory metal silicide 12 formed on a_ polysilicon layer 14 
overlying a gate oxide 16 formed between source/drain 
regions 1 7 of a silicon gate MOSFET. Contact struc- 
tures 20, 22 appear as vertical openings in insulation 
layer 24. The openings, when filled with a conducting 
material 26, such as aluminium or an aluminum alloy, 
electrically connect devices on one level of an inte- 
grated circuit. 

Referring to Figure 1b, a salicide or self-aligned 
gate structure 30 is often used to reduce sheet resistiv- 
ity of shallow junctions of source/drain regions while 
simultaneously reducing the interconnect resistance of 
polysilicon lines. In this structure, a refractory metal sili- 
cide 32 is deposited both over polysilicon 34 and the 
underlying gate oxide 36 and between silicon dioxide 
spacers 38 which act as ion implantation masks for the 
source/drain regions 39. Contact structures 40. 42 
appear as vertical openings formed in insulation layer 
44. These openings may also be filled with metal 46 to 
electrically connect devices on one level of an inte- 
grated circuit. 

Conventionally, contact openings are formed by 
etching through an insulation layer, such as oxide, 
nitride or oxynitride. These insulating layers typically 
overlay silicon of silicon-containing surfaces, e.g., single 
crystal silicon such as a silicon wafer, epitaxial silicon, 
polysilicon, or silicides such as titanium silicide in inte- 
grated circuit structures. To ensure formation of desired 
dimensions and profile for contact openings, the etchant 
must be highly selective to promote removal of the insu- 
lation layer and not the underlying layer, the top surface 
of which desirably defines the end of the contact, i.e., 
the "contact stop." Contact stop layers 25 (Figure v 1a), 
and 45 (Figure 1b) are sometimes used to help define 
the lower boundary of a contact opening. These stop 
layers are commonly composed of metal alloys, such as 
titanium-tungsten. 

To ensure complete removal of the thickest portion 



of the layer to be etched and to allow for the etchant to 
break through any slow etching layers, it is often neces- 
sary to plan some degree of "overetch" into the process. 
However, "punch through," whereby the etchant species 

s fails to sufficiently select or discriminate between the 
insulation layer and the contact stop, can become a sig- 
nificant problem when overetching. As a result, the etch 
rate does not slow down upon reaching the underlying 
stop layer and. therefore, the stop layer may be left 

w undesirably thin or even completely etched through. 
Such an attack by the etchant species alters the dimen- 
sions of the contact opening, the resistivity of the inter- 
connection and, in a MOS device, the device switching 
speed. 

is Figure 2 presents a SEM photograph of punch 
through of a titanium silicide layer following a CHF 3 /CF 4 
etch through an oxide insulator. The low selectivity of 
this recipe to the titanium silicide renders this layered 
configuration ineffective in a MOS device. While such a 

20 low selectivity may be satisfactory for a highly 
planarized structure and for perfectly uniform 
etch/plasma chamber conditions, it is unacceptable in 
those applications where it is highly desirable to etch as 
little metal silicide as possible once such silicide is 

25 exposed during the etching of the overlying oxide. For^ 
example, it is desirable in some applications (e.g., MOS tf 
devices) to etch less than about 50 angstroms (5 x 10" 3 
|im) of underlying silicide during the oxide etch. 

Loss in device yield due to punch through may be 

30 accepted as an inevitable part of semiconductor fabrica- 
tion. Alternatively, it may be desirable to supplement the 
thickness of the contact stop to compensate for punch 
through. For example, additional thickness may be 
added to a thinned titanium silicide layer by annealing 

35 an exposed silicon layer in the presence of titanium. 
Taking such a step not only detracts from fabrication 
throughput, but may also lead to variations in contact 
resistance in a device and across wafers and within a 
wafer lot. Hence, it would be advantageous to avoid 

40 such an annealing step. 

United States Patent No. 5,176,790, assigned to 
the assignee of the present invention, is directed to an 
improved process for etching vias through a insulation 
layer to provide multilevel inter-connection on an inte- 
rs grated circuit structure. Typically, vias are to be etched 
in a photoresist-masked silicon oxide layer that overlies 
an electrically conductive metal layer (such as alumi- 
num, alloys or mixtures of aluminum/silicon and tita- 
nium/tungsten). In order to prevent deposition of 

so organometallic residues or backsputtered metal in the 
via the 790 patent proposes the addition of a nitrogen- 
containing gas (such as N 2 . NO, N 2 H 4 ) to the fluorocar- 
bon etchant in a volume ratio of 1 :15 to 1 :2. 

United States Patents Nos. 5,254,213 and 

55 5,269,879 also disclose the addition of a nitrogen-con- 
taining gas to fluorine-based etching chemistries used 
in the formation of vias between metal layers. In each 
case the nitrogenous gas passivates the electrically 
conducting metallic layers by forming nitrides which pre- 
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vent sputtering or redeposition of the metallic layers 
onto the sidewalls of the vias. 

While the above-referenced patents disclose 
improved etching processes and recipes for particular 
etch environments, it must be recognized that etching is 5 
a localized phenomenon. That is, selective etching 
depends on heterogeneous interactions of the gas 
phase species with the solid surface to be etched as 
well as minimal interactions at the underlying surfaces 
to avoid etching these underlying surfaces. As such, w 
design and improvement of etching processes require 
careful consideration of many factors, including: the 
physical-chemical properties of the etchant under the 
selected process parameters; the nature of the material 
to be etched; etch rate and selectivity of the etchant with 15 
respect to other materials subject to exposure to the 
etchant; and the ability of the etch mechanism to pro- 
duce desired profiles. The precise effect of changing 
one or more parameters of a given etch process is nei- 
ther well understood nor predictable. Hence, one of 20 
ordinary skill in the art will appreciate that what is known 
about specific etching processes may not be at all pre- 
dictive of or applicable to what may be required in the 
formation of contact openings in insulating layer/silicide 
substrate layer configurations. 35 

It is therefore an object of the present invention to 
provide an insulating layer etch process which would 
exhibit high selectivity to silicides without any substan- 
tial reduction in the etch rate of the insulating material. 

According to the present invention, this object is 30 
solved by the process of independent claims 1,10, and 
14. Further aspects and features of the invention will be 
evident from the dependent claims, the description and 
the drawings. 

The present invention overcomes the above-dis- 35 
cussed problems by providing an improved etch proc- 
ess for selectively forming contact openings in an 
insulation layer formed on a silicide iayer. The insulating 
layer etch process of the invention comprises the 
plasma etching of an insulating material, such as silicon 40 
oxide, over a metallic silicide surface using a mixture of 
one or more fluorine-containing etchant gases and a 
nitrogen-containing gas to provide a process having 
high selectivity with respect to the silictde surface to 
achieve significant process overetch without erosion of 45 
the silicide layer. In the practice of the present invention, 
overetch may occur in an amount of from about 30% to 
150% of the time required for the etch process. 

In a preferred embodiment, the etch process of the 
invention is carried out at a pressure of from about 100 so 
to about 300 millitorr, typically about 150 millitorr, using 
a plasma generated by a capacitive discharge (parallel 
plate) type plasma reactor. The capacitive discharge 
process may be carried out using magnetic enhance- 
ment. The etch process can also be carried out in other 55 
types of plasma reactors, including inductively coupled 
ECR (electron cyclotron resonance) or a reactor down- 
stream from the plasma source. 

A silicon dioxide(Si0 2 ) etch process of the invention 



exhibits high selectively with respect to a metallic sili- 
cide of a level of overetch in the process of at least 
150% without caring undesirable etching of the silicide, 
regardless of the type of plasma generator utilized, or 
the pressure utilized within the broad range of from 
about 5 to about 400 millitorr. 

The addition of a nitrogen-containing gas to the 
etching process of the present invention improves 
selectivity of the insulating layer with respect to the sili- 
cide layer in a simple and inexpensive manner without 
interruption of process throughput. Exemplary silicide 
layers operable in the practice of the present invention 
include silicides of refractory metals such as molybde- 
num, cobalt, titanium, tungsten or tantalum. 

The one or more fluorine-containing etchant gases 
may be any fluorine containing etchant gas such as an 
organic fluorocarbon gas such as CHF 3 or CF 4 or a 
higher fluorocarbon and mixtures thereof. The nitrogen- 
containing gas operable within the instant process may 
be any plasma etch nitrogen containing gas such as 
N 2 0. NO, N0 2 , N 2 H 4 , NH 3 , nitrogen gas, N 2 , and mix- 
tures thereof. 

The claims are intended to be understood as a first 
non-limiting approach of defining the invention in gen- 
eral terms. 

The present invention will be described with refer- 
ence to the drawings of the following figures: 

Figures 1a and 1b illustrate prior art polycide and 
salicide structures including contact stop layers; 
Figure 2 is an SEM photograph illustrating titanium 
silicide punch through using a CHF 3 /CF 4 etch 
chemistry; 

Figures 3a and 3b are SEM photographs of center 
and edge views, respectively, of a contact opening 
etched in an oxide layer using a two-step process 
according to the present invention; 
Figure 4 is a SEM photograph of a contact opening 
etched in an oxide layer with 30% overetch using a 
one-step process according to the present inven- 
tion; i 
Figure 5 is a SEM photograph of a contact opening 
in an oxide layer etched with 55% overetch using a 
one-step process according to the present inven- 
tion; 

Figures 6a and 6b are SEM photographs of center 
and edge views, respectively, of a contact opening 
in an oxide layer with 100% overetch using a one- 
step process according to the present invention; 
and 

Figures 7a ( 7b, 7c, 7d and 7e are SEM photographs 
of top, bottom, center, right and left views, respec- 
tively, of a contact opening in an oxide layer with 
150% overetch using a one-step process according 
to the present invention. 

The present invention is directed to an improved 
process for etching contact openings in an insulation 
layer, such as Si0 2 , formed on a silicide layer to effect a 
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high selectivity with respect to the silicide; that is, there 
is a very high etch rate ratio of the oxide to that of the sil- 
icide The insulating layer etch process of the invention 
comprises a highly selective plasma etch for the plasma 
etching of an insulating material, such as an oxide over 5 
a silicide surface on an integrated circuit structure in an 
etch chamber using one or more fluorine-containing 
etchant gases and a nonreactive nitrogen containing 
gas. The instant process can be performed with an 
overetch step of at least 150% without etching or erod- 10 
ing the silicide layer. 

The one or more fluorine-containing etchant gases 
used in the process of the invention in combination with 
a nitrogen-containing gas will, of course, be understood t 
to mean a fluorine-containing etchant gas (or gases). is 
Such fluorine-containing etchant gases may comprise 
one or more 1 -2 carbon fluorine-containing hydrocarbon 
gases such as, for example, CF 4 , CHF 3 , CH 2 F 2 , CH 3 F, 
C 2 F 6 . and mixtures of same. Other inorganic fluorine- 
containing etchant gases such as SF 6 also may be 20 
used, as well as organic fluorine-containing etchant 
gases with 1 -2 carbon fluorine-containing hydrocarbon 
etching gases and mixtures thereof. In the case of nitro- 
gen-containing etchant gases, they are not considered 
a "nitrogen-containing gas" within the purview of the 25 
present invention because they would add to the etch- 
ant activity and significantly modify the original recipe 
programmed process. 

The one or more fluorine-containing etchant gases 
used in combination with a nonreactive nitrogen con- 30 
taining gas in the practice of the process of the invention 
may also comprise one or more higher molecular weight 
fiuorinated hydrocarbons. Higher weight fluorinated 
hydrocarbons are defined as 3-6 carbon fluorinated 
hydrocarbon compounds having the general formula 35 
C x H y F 2 , wherein x is 3 to 6, y is 0 to 3, and z is 2x-y (for 
cyclic compounds) or 2x-y+2 (for noncyclic com- 
pounds). Such 3-6 carbon fluorinated hydrocarbons 
comprise an prganic molecule containing: either carbon 
and fluorine; or carbon, fluorine, and hydrogen; and 40 
which may be either cyclic or noncyclic, but not aro- 
matic. 

Examples of cyclic 3-6 carbon fluorinated hydrocar- 
bon compounds which may be included in The above 
formula are: C 3 H 3 F 3 , C 3 H 2 F 4 , C 3 HF 5 , C 3 F 6 , C 4 H 3 F 5 , as 
C 4 H 2 F 6( C 4 HF 7> C 4 F 8 , C 5 H 3 F 7l C 5 H 2 F 8l C 5 HF 9 , C 5 F 10 , 
C6H 3 F 9 , C 6 H 2 F 10t C^HF^, and C 6 F 12 . Examples of 
noncyclic 3-6 carbon fluorinated hydrocarbons com- 
pounds which may be included in the above formula 
are: C 3 H 3 F 5 , C 3 H 2 F 5 , C 3 HF 7 , C 3 F 8 , C 4 H 3 F 7 , C 4 H 2 F 8 , so 
C 4 HF 9 , C 4 F 10) C 5 H 3 F 9( C 5 H 2 F 10 , C 5 HF 11( C 5 F 12 . 
C 6 H 3 F 1lt C 6 H 2 F 12 , C 4 HF 13 , and C 6 F 14 . Preferred 
among the above 3-6 carbon fluorinated hydrocarbon 
compounds is cyclooctofluorobutane (C 4 F 8 ). Any of 
these higher-weight fluorinated hydrocarbon etchant 55 
gases may be used alone or in combination with any of 
the other previously discussed fluorine-containing etch- 
ant gases in the practice of the present invention. 

Generally, to carry out an etching process accord- 



ing to the present invention, a gas mixture is introduced 
into an etching chamber in which an integrated circuit 
structure or other workpiece is enclosed. The gas mix- 
ture contains a etchant that, under the selected process 
conditions, attacks exposed portions of the insulation 
layer to form openings to be filled subsequently with a 
conductive material to form the contacts themselves. 

While not wishing to be bound by any theory of 
operation, it is believed that the addition of a nitrogen- 
containing gas, such as IM 2 , to the gaseous etching mix- 
ture assists in achieving formation of inorganic nitrides 
(e.g., TIN) with the metallic silicide composition. The for- 
mation of these nitrides renders the silicide layer less 
sensitive and substantially decreases the silicide layer's 
normal rate of etch for an untreated surface. 

The nitrogen-containing gas of the present inven- 
tion should be added prior to reaching the silicide layer. 
As such, the nitrogen-containing gas may be added 
before, during or after the introduction of the etchant 
gas into the etching chamber. Thus, the process of the 
present invention may be carried out as a one- or two- 
step process. 

The term "insulation layer" as used herein refers to 
any nonconductive material used to electrically isolate a 
layer from other conductive materials. An insulation 
material may be silicon oxide, such as deposited from a 
plasma-excited mixture of tetraethylorthosilicate 
(TEOS) and 0 2 , or a doped silicon oxide such as, for 
example, a phosphorous-doped or borophosphorous- 
doped silicon oxide. The insulation material may also 
be, for example, silicon nitride or silicon oxynitride. 

The term "silicide" as used herein refers to a com- 
pound such as a refractory metal silicide. Exemplary sil- 
icides include titanium silicide, tantalum silicide, 
tungsten silicide, molybdenum silicide and cobalt sili- 
cide. In the context of dry etch processes, at least, the 
silicides referred to in the present invention are different 
in nature and intended to be distinguished from metals, 
such as pure aluminum and its alloys, and other materi- 
als selected for use as an interconnect material in inte- 
grated circuits. 

The phrase "nitrogen-containing gas" as used 
herein refers to any nitrogenous gas, such as'nitrogen 
gas, N 2 , and also other nitrogen-containing gases such 
as N 2 0, NO, N0 2 , NH 3 ,and N 2 H 4 . These nitrogenous 
gases within the purview of the present invention are 
those which do not modify the originally programmed 
etching process: that is, the reactive species generated 
from the decomposition of such a nitrogen-containing 
gas in the plasma does not add to, modify, or alter the 
originally programmed etching process. As such, the 
nitrogen-containing gases of the present invention are 
"nondisruptive" of the original etch process and recipe 
contemplated. 

The amount of nitrogen-containing gas, such as N 2 , 
used in the etch chamber should range from about 2 to 
about 30 volume percent of the total amount of fluorine- 
containing etchant gas (or gases) used. Preferably, the 
amount of nitrogen-containing gas should be in a range 



of about 5% to 25% by volume. Thus, for example, when 
one or more fluorine-containing etchant gases are 
flowed into a 9 liter etch chamber at a flow rate of from 
about 20 standard cubic centimeters per minute (seem) 
to about 60 seem, the flow rate of N 2 will range of from 5 
about 1 seem (5 volume % of 20 seem) to about 15 
seem (25 volume % of 60 seem). When a larger or 
smaller etch chamber is used, the flow rates may need 
to be respectively adjusted either upwardly or down- 
wardly, but the ratio of N 2 gas (the nonreactive nitrogen- 10 
containing gas) to the total of the one or more fluorine- 
containing etchant gases used in the process will 
remain the same. 

And further, the amount of the nitrogen-containing 
gas added to the etchant should be such that the nitro- is 
gen-containing gas does not significantly modify the 
etching process, but contributes to a dramatically 
improved selectivity with respect to the underlying sili- 
cide layer. The specific amount nitrogen-containing gas 
used may vary depending upon the silicide stop. Gener- 20 
ally, the nitrogen-containing gas may be added in vol- 
ume amounts of from about 2% to 30% of the total gas 
mixture. For example, for a titanium silicide stop, an 
adequate amount of added N 2 to improve selectivity is 
between about 5 v% to about 25 v% of a gaseous etch- 25 
ant, such as a mixture of CHF 3 and CF 4 . However, the 
amount of the nitrogen-containing gas added can be as 
little as 2 or 3 v% depending on the nature of the metal- 
lic silicide. 

As noted above, a suitable amount of nitrogen-con- 30 
taining gas added may vary depending on the specific 
goals of the process with respect to etch rate, desired 
contact profile, and selectivity requirements. In addition, 
practical limitations in mass flow meters or other equip- 
ment delivering controlled and very small amounts 35 
(even less than 2 v%) of a nitrogen-containing gas may 
need to be addressed. 

The mixture of the nitrogen-containing gas (e.g., 
N 2 ) and one or more fluorine-containing etch gases may 
be used alone In the etch chamber or may be further 40 
diluted using one or more inert gases, such as helium or 
argon. Such inert gases maybe flowed into the etch 
chamber at a rate of 0 to about 200 seem. In some 
instances, other nonreactive gas or gases may also be 
used with the mixture of the nitrogen containing gas and 45 
one or more fluorine-containing etch gases (with or 
without inert gases). 

The plasma etch process of the. invention using a 
combination of a nitrogen containing gas and one or 
more fluorine-containing etch gases (with or without so 
other gases) may be used in combination with a con- 
ventional capacitive discharge (parallel plate) plasma 
reactor or with an inductively coupled plasma reactor. 
The plasma associated with the etch chamber during 
the etch process of the invention may comprise a 55 
plasma generated within the etch chamber, or gener- 
ated external to the etch chamber itself, wherein the 
plasma flows to the chamber downstream from the 
plasma source. 



The total amount of etchant gas that is flowed into 
the etching chamber will vary somewhat depending 
upon the size of the chamber and the size of the wafer. 
Typically, for an etching chamber of about 13 liters, such 
as that utilized in the Applied Materials Precision 5000, 
MERIE Reactor or Centura High Density Plasma Die- 
lectric Etch System, the total gas flow may suitably be 
between about 20 seem and about 500 seem, and pref- 
erably remains below about 200 seem. For other etching 
chambers, the gas flow rate may be adjusted as 
needed. 

The pressure in the etching chamber should be suf- 
ficient to maintain the etching process. The pressure 
used during the etch process of the invention may vary 
from as little as 5 millitorr to as high as 400 millitorr; and, 
typically, the pressure is maintained at about 150 mil- 
litorr during the etching step. Higher pressures can be 
used up to, for example, about 1-2 torr, provided that 
arcing does not occur between the electrodes in the 
etching chamber. It will be noted, however, that it may 
be difficult to use a pressure below about 50 millitorr 
when using a capacitive plate-type plasma generator 
because of the inability of such a plasma generator to 
ignite or sustain a plasma in a pressure below about 50 
torr. Therefore, preferably the pressure is maintained 
within a range of from about 50 millitorr to about 200 mil- 
litorr when using a capacitive discharge-type plasma 
generator in the practice of the process of the invention. 

The power level of the plasma may vary from about 
300 watts (W) to about 5 kilowatts (kw), depending upon 
the particular type of plasma generator, size of chamber 
and wafer, desired etch rate, etc. For example, using an 
ECR-type electromagnetically coupled plasma genera- 
tor in association with an etch chamber of about 6 liters 
and a desired etch rate of about 5000 angstroms per 
minute, the power would typically range from about 2 to 
about 3 kw. For an inductive- type electromagnetically 
coupled plasma generator used in association with a 2 
liter etch chamber and a desired etch rate of about 5000 
angstroms per minute, the power would typically range 
from about 1 to about 2 kw. When a high-density plasma 
is to be generated, the power density (i.e., the power 
level relative to the volume of the plasma generating 
chamber) should be equivalent to a power level of about 
1000 watts in a 4 liter plasma-generating chamber. 

For a 6 inch wafer, the power typically is between 
about 500 W and about 700 W. By use of the expression 
"associated with the etch chamber" with respect to the 
plasma, it is meant that the plasma may be generated 
either within the etching chamber itself or outside of the 
etching chamber, at some point in communication with 
the etching chamber. For example, a plasma may be 
generated in a microwave cavity in a gas flow upstream 
of the etching chamber so that the plasma-generated 
reactive species flow into the etching chamber. 

The instant etch process may be practiced in the 
form of reactive ion etching (RIE). The plasma etch 
process of the present invention may also be carried out 
with or without magnetic enhancement, as described In 
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U.S. Patent No. 4,668,338, issued to Maydan et al., 
assigned to the assignee of the present invention. 
When such magnetic enhancement is used, the wafer 
may be immersed in the etching chamber in a magnetic 
field having a component between about 1 gauss and 5 
150 gauss parallel the plane of the wafer. 

To further illustrate the process of the present 
invention the following nonlimiting examples are pro- 
vided. 

w 

Te?t Wafers 

The silicon test wafers (150 mm diameter) had a 
film stack of 0.8-1.2 urn thick undoped or doped silicon 
oxide, formed by a conventional TEOS/0 2 deposition is 
process on about 500-1000 A thick titanium silicide over 
polysilicon. A photoresist mask applied to the test 
wafers provided a contact opening pattern with opening 
dimensions of £ 0,5 urn diameter. 

20 

Example I: Two Step Process 

Contacts were etched into a 6.9 ^m PTEOS oxide 
layer over 750 A TiSi 2 In the first step, a gas mixture of 
25 seem CHF 3( 5 seem CF 4 and 75 seem Ar was flowed 2s 
into the etching chamber to about 120 millitorr pressure, 
layer in a two-step process according to the present 
invention. A plasma was ignited and maintained over 
the test wafer placed in an Applied Materials 5000 
MERIE reactor chamber by applying about 750 W 30 
power (RF) and using magnetic field enhancement at 
about 60 gauss. The cathode temperature was set at 
20°C and helium backside cooling pressure at 8 torr. 
Etching was continued to endpoint as determined by 
monitoring the 4835 A CO optical emission line intensity 35 
(which decreased at endpoint (etch time = 108 s). 

At the endpoint, the second step, referred to as 
overetch, was initiated, during which 10 seem N 2 was 
added to CHF 3 (35 sccm)/CF 4 (5 sccm)/Ar(60 seem) 
etchat'gas mixture (20 v% N 2 ) for a total pressure of 40 
about 150 millitorr. Plasma enhancement was main- 
tained by applying about 700 W and 60 gauss magnetic 
field enhancement. Overetch was continued until the 
etch time corresponded to about 55% overetch (58 s). 

The wafer was then removed from the etching 45 
chamber and the photoresist mask removed by down- 
stream oxygen plasma ash process (120 s at 250°C) in 
a Gasonics Aura 1000 system. 

The SEM cross-section of the test wafer (Figure 3) 
shows a successful etch stop on the TiSi 2 layer with so 
substantially no TiSi 2 loss at the bottom of 0.5 \xm con- 
tact holes, even with 55% overetch. 

Examples ll-V: One Step Process With Varying Over- 
etch 55 

For added simplicity, a single-step etch process 
may be preferred over a two-step recipe. Contacts were 
etched into 0.9 urn TEOS layer using a single step proc- 



ess. 

Test wafers were plasma etched in an etchant gas 
mixture of about 25 seem CHF 3 , 5 seem CF 4 , 100 seem 
Ar and 10 seem N 2 (25 v% N 2 ) at 100 millitorr pressure. 
The applied power was about 750 W and magnetic 
enhancement was about 30 gauss. The cathode tem- 
perature was increased to 40°C while holding the 
helium backside cooling pressure at 8 torr to minimize 
the center to edge profile angle differences. The etch 
time to clear the oxide layer to TiSi 2 was calculated 
based on a predetermined patterned TEOS etch rate 
(-3300 A/min), Four wafers were then etched, each 
with a different overetch time of 30%, 55%, 1 00% and 
150%, respectively, to demonstrate the effectiveness of 
the oxide etch process for stopping on a TiSi 2 layer. 
After the single step etch, the wafers were removed 
from the etch chamber and the photoresist mask ashed 
away using downstream oxygen plasma as described in 
Example I. 

SEM cross-sections of these test wafers after etch- 
ing under the given process parameters are shown in 
Figures 4-7, respectively. As can be seen, processes 
according to the present invention exhibit an excellent 
ability to stop on a TiSi 2 layer even at 150% overetch 
with minimal, if any, TiSi 2 loss. Punch through was, 
avoided in each instance. 

Based on the SEM cross-sections a maximum TiSi 2 
layer loss of <200 A at 150% overetch is estimated, a 
result that is particularly important for bilevel contact 
etch applications. 

Having thus described several particular embodi- 
ments of the invention, various alterations, modifica- 
tions and improvements will readily occur to those of 
ordinary skill in the art. Accordingly, the foregoing 
description is by way of example only and not limiting. 
The invention is limited only as defined in the following 
claims and equivalents thereto. 

Claims 

1. A plasma etch process for etching an insulation 
layer overlaying a silicide surface of an integrated 
circuit structure on a semiconductor workpiece 
which comprises flowing into an etch chamber con- 
taining said workpiece, a mixture of one or more flu- 
orine-containing etch gases and a nitrogen- 
containing gas while maintaining a plasma associ- 
ated with said etch chamber. 

2. The process of claim 1 wherein said process is car- 
ried out on a silicon dioxide (S0 2 ) insulating layer in 
said etch chamber. 

3. The process of claim 1 or 2 wherein the ratio of said 
nitrogen-containing gas to said one or more fluo- 
rine-containing etch gases in said mixture of gases 
flowing into said etch chamber ranges from about 2 
to about 30 volume %. 



4. The process according to any of the preceding 
claims wherein the pressure in said chamber 
ranges from about 5 millitorr to about 400 millitorr. 

5. The process according to any of the preceding s 
claims wherein said plasma associated with said 
etch chamber is generated by an inductively cou- 
pled plasma generator. 

6. The process according to any of the preceding w 
claims wherein said pressure in said chamber is 
maintained below 50 millitorr. 

7. The process according to any of claims 1 to 4 
wherein said pressure in said chamber is main- is 
tained with a range of from about 50 millitorr to 
about 200 millitorr. 

8. The process of claim 7 wherein said pressure in 
said chamber is maintained at about 150 millitorr. 2c 

9. The process according to any of claims 7 to 8 
wherein said plasma associated with said etch 
chamber is generated by a capacitive discharge 
type plasma generator. 25 

10. A plasma etch process for etching oxide on a sili- 
cide surface of an integrated circuit structure on a 
semiconductor workpiece, especially according to 
any of the preceding claims, which comprises: 30 

a) maintaining an etch chamber containing said 
workpiece at a pressure of from about 1 mil- 
litorr to about 400 millitorr; 

35 

b) flowing into said chamber a mixture of a 
nitrogen-containing gas and one or more fluo- 
rine-containing etch gases, in a ratio of about 
10 volume % to 30 volume % nitrogen-contain- 
ing gas of the volume of said one or more fluo- <o 
rine-containing etch gases; and 

c) maintaining a plasma associated with said 
etch chamber. 

45 

1 . The process of claim 1 0 wherein said plasma asso- 
ciated with said etch chamber is generated by an 
electromagnetically coupled plasma generator. 

2. The process of claims 10 to 11 wherein said pres- so 
sure in said chamber is maintained at below about 

50 millitorr. 

3. The process of claims 10 to 11 wherein said pres- 
sure in said chamber is maintained within a range ss 
of from about 50 millitorr to about 200 millitorr and 
said plasma associated with said etch chamber is 
generated by a capacitive discharge-type plasma 
generator. 



14. A plasma etch process especially according to any 
of the preceding claims, for etching an oxide on a 
silicon surface of an integrated circuit structure on a 
semiconductor workpiece which comprises; 

a) maintaining an etch chamber containing said 
wafer at a pressure of from about 1 millitorr to 
about 30 millitorr; 

b) flowing into said chamber a mixture of a 
nitrogen-containing gas and one or more fluo- 
rine-containing etch gases, in a ratio of about 2 
volume % to 30 volume % nitrogen-containing 
gas of the volume of said one or more fluorine- 
containing etch gases; and 

c) generating a plasma associated with said 
etch chamber using an inductively coupled 
plasma generator. 

15. The process of claim 14, wherein said oxide is an 
insulating layer overlaying a silicide layer. 

16. A method according to claim 14 or 15, wherein the 
amount of nitrogen-containing gas added is 
between about 5 v% to about 25 v% of the fluorine- 
containing etch gas. 

17. A method according to any of claims 14 to 16, 
wherein the etching step is carried out with mag- 
netic enhancement. 

18. The process according to any of the preceding 
claims wherein said silicide is a refractory metal sil- 
icide. 

19. The process of claim 18 wherein the refractory 
metal is selected from the group consisting of 
molybdenum, cobalt, titanium, tantalum, or tung- 
sten. , 

20. The process according to any of the preceding 
claims wherein said one or more fluorine-contain- 
ing etch gases are selected from the group consist- 
ing of CF 4 , CHF 3 , CH 2 F 2 , CH 3 F, C 2 F 6 , SF 6 , C 4 F 8 , 
and mixtures thereof. 

21. The process of claim 20 wherein said one or more 
fluorine-containing etch gases are selected from 
the group consisting of CF 4 and CHF 3 . 

22. The process according to any of claims 1 to 19 
wherein said one or more fluorine-containing gases 
comprise one or more 3-6 carbon fluorinated hydro- 
carbons having the formula C x H y F 2 , wherein x is 3 
to 6, y is 0 to 3. z is 2x-y when said fluorinated 
hydrocarbon is cyclic, and z is 2x-y+2 when said 
fluorinated hydrocarbon is non-cyclic. 
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23. The process according to any of the preceding 
claims wherein the nitrogen-containing gas is 
selected from the group consisting of N 2 , N 2 0. NO, 
N0 2 , NH 3 , N 2 H 4 , and mixtures thereof. 

5 

24. The process according to any of the preceding 
claims wherein one or more inert gases are also 
flowed into said etch chamber during the process. 

25. The process according to any of the preceding io 
claims wherein the power level of said plasma 
ranges from about 300 watts to about 5 kw. 

26. The process according to any of the preceding 
claims, further comprising the step of: is 

d) overetching the insulation layer with the 
plasma for a selected time while maintaining 
high selectivity with respect to the silicide layer. 

20 

27. A method according to any of the preceding claims, 
further comprising the step of:.. 

d) overetching the insulation layer with the 
plasma for at least 1 50% of the etch time while 25 
maintaining high selectivity with respect to the 
silicide layer. 

28. A method according to any of the preceding claims, 
wherein the etching is reactive ion etching. 30 



35 



40 



45 , 



50 



55 




FIG. 1b 




ACC V SPOT MAGN DET WD EXP I > 200 nm 

25.0 kV 3.0 30000x SE 9.3 2 N43619 #2 
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FIG. 3a 
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25.0 kV X30.0K 1.00 |am 

FIG. 4 
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25.0 kV X30.0K 1.00 urn 

FIG. 5b 
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25.0 kV X30.0K 1.00 

FIG. 6a 




25.0 kV X50.0K 599 nm 

FIG. 6b 




25.0 kV X60.0K 500 nm 

FIG. 7a 




25.0 kV X60.1 K 499 nm 

FIG. 7b 




25.0 kV X60.0K 500 nm 
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25.0 kV X60.0K 500 nm 



FIG. 7d 




25.0 kV X 60.0 K ' 500 nm 



FIG. 7e 
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